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Summary: Heat stress produced hyperglycaemia, a decrease in myocardial and skeletal muscle
-glycogen levels, eosinopenia and an increase in heart rate. Physostigmine alone produced a fall in
the blood glucose and myocardial and skeletal muscle glycogen contents, eosinopenia and a decrease
in heart rate. Heat stress and physostigmine produced hypoglycaemia, a decrease in myocardial
glycogen content, an increase in skeletal muscle glycogen content and eosinopenia.  Atropine alone
produced hypoglycaemia, a decrease in myocardial glycogen content, increase in skeletal muscle
glycogen content, eosinopenia and an increase in heart rate. Heat stress and atropine produced
hypoglycaemia decrease in myocardial and skeletal muscle glycogen contents and eosmopenia.
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INTRODUCTION

Stress produces biochemical, histological, haematological, and functional changes in the
dy(17). The effects of acute heat stress on blood glucose, cardiac and skeletal muscle glycogen,
and haematology are presented in this communication. Such a study seems warranted
cause most of the Indians live in tropical climate which varies in humidity, Further, hot
dronment is a problem in many industries and in deep mining. The literature on the role of
psympathetic system in heat stress is scant. Our previous work on antiadrenergic agents
), 18,19) prompted us to assess the role in heat stress of parasympathetic system.

MATERIALS AND METHODS

Albino rats of either sex (80-120 g) were used. They were maintained at a temperature
e of 30°C—32°C, and had ad libitum access to food and water.

The animals were divided into 6 groups employing eight to ten animals in each group.
joup I animals served as negative control, and were not subjected to any stress. Group II
red as positive control;  this group of animals were subjected to heat stress by the modified
hod of Mahfouz and Ezz (10). The animals were exposed to 40°C=0.5°C for one hr, by
eping them in a cylindrical glass jar 1 foot high and 9 inches in diameter, surrounded by water,
ke temperature of which was maintained at 41°C=0.5°C. The jar was kept open to prevent
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anoxia and upto 4 rats were kept at a time in the jar. The temperature of the air in the
jar 1 inch above the bottom was 40°C. Group IIT animals were given 0.1 mg/kg of phys
gmine sulphate (im) thrice during 24 hr at equally spaced intervals and were not subjected fs
stress. Animals of group IV received atropine sulphate in a dose of 1.0 mg/kg (im) f
during 24 hr at equally spaced intervals and were not subjected to any stress. Rats of gro
were given 0.1 mg/kg of physostigmine (im) in a single dose 30 min. before subjecting then
heat stress. Animals of group VI were given atropine 1.0 mg/kg (im) in a single dose 30 1
before subjecting them to heat stress.

Blood was collected directly from the heart of the rat, killed by ether anaesthesia, 30
after the individual procedure. Heart tissue (tip of the ventricles) and gastrocnemius muscle |
collected for glycogen estimation. Blood glucose was estimated by the Somogyi-Nelson me
(11, 21) myocardial and skeletal muscle glycogen contents by the Kemp-Kits Van Heijnin
method (8), clotting time by the Lee-White method (9) and eosinophil count by Pilot mef
(12). Lead II of E.C.G. (by fixing the leads with needles), was recorded in unanaesthei
rats with Gras inkwriting oscillograph just before and after heat stress.

RESULTS

The data are summarised in Table I.

TaBLE I: Heat stress and some body functions.

Blood glucose Heart glycogen Skeletal muscle  Blood clotting Eosinophil

mg/100 ml mg/100 g of glycogen mg[100g time in min. of blood
Group tissue tissue tissue

mean=S.E. mean=S.E. mean=S.E. mean=S.E. mean=S.E,

Negative control 98=0.63 161=8.7 158+8.7 1=0.33 43228 ‘
©) )] ) ®) @®)
Heat stress 1093 7** 99+4.1% 1394, 5** 2+0.28 249=5,6%
(8) (8) ®) (8) ®)
Physostigmine alone T1&]1.3% ST£4.7% 985.5% 220,25 285 =4.7*
: . (10) ®) ®) ()] ®)
Atropine alone 542 12% 844 8% 249 £9.5* 1x0.35 298+3.3*
(10) (8) ®) ®) (10)
Physostigmine followed 68=5.2* 58=2.4% 254=13.4* 1=0.28 3244 6*
by heat stress (8) (8) ()] ®) (8)
Atropine followed by 65+=4. 8% 205901 % 120=3.1 1=0.117 2993 4%
heat stress (8) ®) 3 ()] )

*P<0.001, s*p.=0.05, ***P<(0.01 Compared to control values (t test).
Figures in parentheses indicate the number of animals.
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0od glucose: ™ There was a significant rise in blood glucose level in animals subjected to heat,

Both physostigmine and atropine lowered the level, atropine being more effective. In

imals treated with physostigmine or atropine followed by heat stress the level was lower than
| negative controls.

Iyocardial glycogen content: Heat stress or physostigmine alone or atropine alone reduced
Yocardial glycogen level. Exposure to heat stress following physostigmine or atropine treatment
50 produced- decrease in the level, the effect being more pronounced in atropine pretreated

eletal muscle glycogen content: Heat stress lowered the skeletal muscle glycogen content.
hysostigmine alone lowered it but increased it when combined with heat stress. On the other
and, atropoine alone raised it but reduced it when combined with heat stress.

otting time: Insignificant increase in blood clotting time was observed in animals subjected
o heat stress.- No significant change was seen in animals treated with physostigmine or atropine
alone or in combination with heat stress.

Eosinophil count: A marked eosinopenia was observed in animals subjected to heat stress;
imilarly physostigmine or atropine treatment alone or in combinations with heat stress produced
arked eosinopenia.

Electrocardiogram (ECG): Group II animals exposed to heat stress showed a mean increase in
heart rate of 27 beats/min. Pretreatment with physostigmine caused a mean fall of 23 bets/min,
while atropine pretreatment caused a mean rise of 20 beats/min. Exposure of animals pretreated
with physostigmine or atropine to heat stress produced mean increases in heart rate of 28 beats/
min and 57 beats/min respectively.

In heat stress, no other abnormality was observed except an increased QT interval and bifid
T wave in I of the 6 animals. In physostigmine-treated animals flattened P wave in 1, increased
QT interval in 3 and bifid T wave in 2 of the 7 animals was observed. No change except increa-
sed QT interval in 4 of the 8 animals was observed in atropine-treated rats. Exposure to heat
stress following treatment with physostigmine or atropine produced an increased QT interval in
4of the 8 and 2 of the 8 animals respectively.

DISCUSSION

Hyperglycaemia that occurs during hyperthermia (4,17) may be due to increased activity of
adrenergic system, which leads to increased mobilization of glucose from the liver, since there is
no hyperglycaemia during hyperthermia induced after adrenergic blockade (4). Further, hy-
perglycaemia is not due to haemoconcentration since the haematocrit and specific gravity of blood
are relatively constant (4).

The present study also demonstrates the hyperglycaemic effect after heat stress. The
hyperglycaemia could be due to release of adrenaline during stress. Physostigmine given alone
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or given to stressed animals produced hypoglycaemia. An explanation for this could be
physostigmine causes increased adrenal medullary discharge of adrenaline (7) which i
cholinesterase activity (1, 2) resulting in an increased level of acetylcholine, the latter antagon
the sympathetic activity in stressful situation to maintain the homeostatsis. However, an intrig
finding was that atropine alone or atropine following exposure to heat stress also low
blood sugar level.

A fall 1in cardiac glycogen occurs during alarm reaction of general adaptation syndrome
and during heat stress (17). Thd fall during heat stress has been explained as due to the ¢
genous release of catecholamines, since this effect is blocked by chlorpromazine. Sympaf
overactivity during stress increases the oxygen need and causes hypoxia which results in incre
utilization of glycogen leading to a fall in its level (14). In the present study a fall in myo
and skeletal muscle glycogen was noted during heat stress. In agreement with our earlier ob
vations (18) physostigmine treatment also reduced the level. Physostigmine causes increased
charge of adrenaline from the adrenal medulla (7) and releases locally acting catecholami
from the heart (6). This could account for the depletion of glycogen. Atropine administraf
resulted in a reduced myocardial but raised skeletal muscle glycogen content. Physostiga
offered a complete protection against the skeletal muscle glycogen depleting effect of heat st
but not against the myocardial glycogen depleting effect.

In animals subjected to heat stress an insignificant increase in clotting time was obser
with Lee and White method. A significant reduction in clotting time has been reported withi
capillary tube method (13). The difference appears to be due to the different methods employ
as it is known that temperature and size of the tube are important factors which af

clotting time.

Significant eosinopenia observed in the animals subjected to heat stress confirms the li
ture reports (13,22).

Stress produces variable changes in the electrocardiogram. An increased heart rate af
heat stress observed in the present study is in accord with literature reports (5,3,20).
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